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EXTENDED DATABASE ENGINE PROVIDING 
VERSIONING AND EMBEDDED ANALYTICS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority from provisional Ser. No. 
60/530,956, ?led Dec. 19, 2003, Which is expressly incorpo 
rated by reference. 

FIELD OF THE INVENTION 

The present inventions relate to systems and methods for 
data storage and processing, particularly for business appli 
cations. 

BACKGROUND OF THE INVENTION 

In a typical system that uses analytics and has a traditional 
database, primary storage of data is on a disk With sloWer 
access than direct memory, and analytics are external to a 
database engine. If there is any data versioning, it is supported 
through applications external to the database engine and/or 
by storing multiple complete sets of data corresponding to the 
versions. Some systems support “multi-value concurrency 
control,” Which is similar to multiple versions, but the differ 
ent “version” only exists While a collection of transactions is 
being processed. If a user Wants to query calculated data, the 
user runs the calculation and stores the results in the database; 
the user can then perform standard database queries of those 
results. 

Other decision support tools, such as spreadsheets, typi 
cally have a single version of the data (or a complete copy), 
and all data must be managed by the user. 

Source code control systems (SCCS) typically alloW 
recovery of any version of ?les from a master copy and stored 
changes. Unlike a system for managing versions of data for 
processing, an SCCS does not include analytics related to the 
versioned data. An SCCS passes its retrieved version to a 
compiler or other text handling program Whose output is the 
program in another form. 

In a prior product currently provided by Webplan Inc. 
(assignee of the present invention), input data is stored in a 
server in server memory. There is no tight coupling to a 
back-end database. The data can be accessed rapidly from the 
server and inverse sets can be made from the data, but data 
storage is limited by physical memory and the address space 
of the underlying operating system. Records are stored in 
server memory With link, version, ?ag, and data ?elds. Ana 
lytics for making calculations on the input data are compiled 
as part of a database engine, making it dif?cult to change 
analytics for different applications. The server has a cache for 
storing results calculated from input data. 
Some databases implement a model of stored procedures. 

Stored program elements are invoked directly by users, some 
times triggered by database activity such as inserts, deletes, or 
modi?es. The results of the stored procedures are either 
stored back into the database or consist of a small set of data 
put into a temporary place. 

SUMMARY OF THE INVENTION 

The present invention includes extensions to database tech 
nology that can be used independently, and that can provide 
increased value When used together. The extensions include 
an e?icient method of storing and accessing different ver 
sions of stored data; a model that embeds analytics so that 
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2 
calculated results can be accessed as if they Were part of the 
input data, but are actually recalculated as required; a model 
that alloWs analytics to be changed and added to While the 
server or engine is running, protecting the engine from errors 
in such analytic programs; a method for accessing input data 
and calculated results through memory storage to provide 
high speed access and analytic calculation; and an ef?cient 
method for comparing data (input or calculated) from any 
number of the various versions. 
The invention extends a database Which stores input data 

used in calculations of analytic results for a multitude of 
different scenarios (also referred to here as “plans”). Rather 
than storing complete copies of each set of input data, 
selected parts of the data and differences can be stored, 
thereby providing access to numerous scenarios Without 
incurring the storage requirements of complete copies of each 
dataset (Which can be large). Data can be merged from one 
version into another, thus providing a mechanism for multiple 
users to collaborate in the decision process. The methods for 
merging data changes can also be used to commit a complete 
set of transactions into another version, all at once and e?i 
ciently. The system can compare data from any number of 
versions. Comparisons can use any combination of input data, 
calculated results, and expressions based on input and calcu 
lated data. 
The system alloWs a user to make a query for data Without 

specifying an analytic; the system is responsive to the query 
to run as much of the appropriate analytic as necessary to 
respond to the query, store the calculated results into cache, 
and return the results to the user. The cache is preferably in a 
separate server, but a cache for such calculated results could 
be provided as part of a database system. Running the analytic 
can require a series of nested calculationsithe selected ana 
lytic couldrequire one or more pieces of data as inputs that are 
calculated by another analytic, Which in turn could require 
calculations of still another analytic. Whether a user query 
requires just data retrieval or a more complex calculation can 
be made transparent to the user, the process of running, stor 
ing, and returning results is performed automatically in 
response to the query. 

The extended database also includes analytics used by the 
database engine that build upon primitives de?ned Within the 
engine to provide linking betWeen the memory-resident data, 
the database, and the analytics. Actual analytics can be 
attached to the engine as required, alloWing the same archi 
tecture (and in some cases the same engine instance) to be 
used for a myriad of applications. The system includes 
dynamic coupling and caching to a disk-based database. 
The system has an access layer built on the .NET frame 

Work. A database schema can be minimally de?ned, and a 
series of analytics can be provided initially. The user of the 
system can further de?ne the schema, and can create analytics 
that can be used Without having to re-compile the database 
engine. Rather than compiling an access layer once for further 
use, the system dynamically generates the access layer When 
changes are made to the analytics or the schema. 
The systems and methods described here can have some or 

all of the folloWing bene?ts: extended data handling through 
dynamic caching from disk to memory-resident model; main 
taining multiple versions of similar data, and ?exible analyt 
ics through an extensible model. 

These bene?ts are preferably provided in a system With 
high speed, high performance database access, including 
embedded analytics; high performance through memory 
resident database and embedded analytics; and ef?cient stor 
age and execution through “versioning” of the data. Unlike 
the use of typical stored procedures, calculated results appear 
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as if part of the traditional database, but are in fact retrieved 
from the server cache or recalculated When required. Further 
more, calculated results can be extensive, including all 
records for entire calculated tables. Other features and advan 
tages Will become apparent from the following detailed 
description, drawings, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a server and disk system 
according to the present invention. 

FIGS. 2-6 are block diagrams shoWing Ways to arrange 
data according to the present invention. 

FIG. 7 is a diagram of the server according to the present 
invention. 

FIG. 8 is chart illustrating versioned plans. 
FIG. 9 is a block diagram shoWing connection services. 

DETAILED DESCRIPTION 

The systems and methods of the present invention are 
described in the context of business planning, and more par 
ticularly, in the context of supply chain management, but they 
are applicable to a much broader range of uses. The system 
employs a set of algorithms (referred to as analytics) to pro 
cess data to provide desired information, such as calculated 
data that can predict future conditions. The system can be 
used, for example, for business planning, such as material 
requirements planning (MRP), Which relates to planning 
What materials and components Will be needed by a business 
in order to ?ll orders; and capable-to-promise (CTP) calcu 
lations for determining When a business can deliver products. 
Examples of business planning processes are described in 
US. application Ser. No. l0/438,932, published as 2003/ 
0216952 on Nov. 20, 2003, Which is incorporated herein by 
reference. 

The system alloWs different versions of data records to be 
stored so that planning can include multiple scenarios. For 
example, a business might assume that a component that it 
uses Will typically be delivered in three months; the business 
can also plan for the situation that Would arise if that compo 
nent Were to be delivered in four months or tWo months. Such 
scenarios may be hypothetical for planning purposes or could 
also result from actual changes of circumstances, such as neW 
delivery information from a supplier. Using such plans and 
different versions of data for different scenarios alloWs a 
business to better manage its ordering and inventory func 
tions and improve planning for delivering its products. 

Other uses for such plans and scenarios could include, for 
example, ?nancial planning With a number of different fac 
tors that change over time Where a number of “What-if’ sce 
narios could be employed, such as scenarios for different 
interest rates, or for ?nancial budgeting. Similarly, plans 
could include elements of an engineering design, to investi 
gate the effects of different components on the performance 
of the design. While described in the context mainly of supply 
chain management, it should be understood that the systems 
and methods employed here can be used for other applica 
tions. 

FIG. 1 shoWs a high level diagram of a system according to 
an embodiment of the invention. In a preferred implementa 
tion, the system includes a server 10 With caching server 
memory 12 and a database 14, preferably a relational data 
base management system (RDBMS), as a backend data store 
for the system, e.g., With read/Write disk storage 16. User and 
application interaction With the data in database 16 and 
memory 12 are provided through a query manager 18, an 
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4 
access layer 20, a version manager 22, a memory cache man 
ager 24, and analytics 26. Information that the server needs to 
perform calculations can be stored permanently (i.e., per 
sisted) in database 14 through server 10. 
When input data is requested, if it is not already in server 

memory 12, it can be loaded on demand into server memory 
12 from database 14. When calculated data is required, it is 
reported from server memory 12 if the required input data is 
in server memory. If not, the necessary input data is retrieved 
and the required analytic is run. The results are placed into 
server memory 12 and then reported to the user Without 
having to be stored back into database 14. An alternative 
embodiment Would have the server engine coupled With the 
softWare implementing the traditional database. 
The invention includes systems and methods for storing 

and accessing data in Ways that can reduce the number of 
interactions With backend database 14, While also keeping 
manageable the amount of data server 10 has to hold in server 
memory 12. 

FIGS. 2-6 shoW examples of embodiments relating to hoW 
data can be organiZed. Table 30 in FIG. 2 shoWs records as 
they are stored in database 14. These records are each given a 
unique (to a speci?c table) identi?er (ID) that is independent 
of any keys de?ned by the user. The records include data 
?elds, shoWn here as Field 1 through Field 5, With values that 
can be numeric quantities, text strings, dates, or other values. 
As discussed beloW, each record also has ?elds that help 
support versioning of the records, such as a version ?eld and 
an index ?eld. 

The memory cache manager (FIG. 1) manages the alloca 
tion of the IDs; the IDs canbe visible to the user but preferably 
are not modi?ed. A unique ID for each item in the table is a 
basis for maintaining different versions of that record for 
different plans and for synchronizing the server memory data 
and the database data. One ID can be associated in the data 
base With multiple versions of that item; i.e., one roW can have 
an ID With one version for an item, and another roW can have 
the same ID but With a different version of that same item. 
The ?elds for each table are organiZed in the memory cache 

manager into one or more ?eld groups, each With one or more 

?elds, shoWn in FIG. 2 as Field Group 1 and Field Group 2. 
The data schema de?nes Which ?elds are in the same ?eld 
group, thereby alloWing designers of the schema to de?ne 
Which ?elds are often used together. Every ?eld is a member 
of one, and preferably only one, ?eld group. In the example of 
FIG. 2, there are ?ve ?elds With three ?elds in Field Group 1 
and tWo ?elds in Field Group 2. The tables of ?eld groups can, 
but do not need to, include IDs. 

FIGS. 3-6 shoW hoW data from the database is arranged in 
server memory. When the server needs to access a ?eld for a 

record, it loads all ?elds in the same ?eld group for all records 
on a page. In a preferred implementation, there are 512 
records per page. This granularity alloWs enough room on 
each processor memory page to store the initial record IDs, 
set ?eld pointers to set pages 36, and some version nodes 
(nodes corresponding to versions of a record), as indicated at 
38 and 40. Using page siZe blocks alloWs the memory man 
ager to handle basic memory allocation ef?ciently. Different 
numbers of records for each page could be used, especially 
With system pages of different siZe. 

Fields and ?eld groups can be retrieved on an as-needed 
basis, thereby reducing the amount of data that needs to be 
stored in the server cache to make a calculation. For example, 
to use an analytic that determines When a manufactured prod 
uct can be delivered based on the lead times for delivery of 
various components, the analytic may require quantity and 
delivery time information. A record, hoWever, may include 
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other information for other purposes, such as a product 
description, supplier address, or other information that may 
be particularly useful for reporting or for other purposes, but 
may not be needed to calculate When a manufactured part 
could be delivered. An analytic could require data from ?elds 
from several different ?eld groups, in Which case the multiple 
?eld groups Would be loaded into server memory, While other 
?eld groups might not be loaded. Generally, it is desirable to 
group ?elds to reduce the need to retrieve more ?eld groups. 

As more version nodes are added, additional pages can be 
used to store further version nodes. As indicated in FIG. 3, a 
link ?eld for each version node points to the next version 
node, and the link of the last version node in the chain points 
back to the original record ID on the base page. 

FIG. 3 shoWs a layout of records as they are cached in 
server memory, including a Base Record Page 34. The system 
stores references to other tables by ID, and enforces a partial 
ordering of references in the schema (i.e., preferably, there are 
no cycles alloWed). Unlike traditional relational databases, 
there is no need for an explicit join operation When Working 
With the server model. Instead, references can be folloWed 
directly in queries. 

Base record page 34 has 512 IDs, each With a pointer to a 
link ?eld of the ?rst version node for that record. If there are 
additional version nodes, the link ?eld of the ?rst version 
node points to the link ?eld of the second version node, Which 
can point to a link ?eld of the third version node, and so on. An 
indicator is used to shoW the latest version node such as by 
having the link ?eld of the last version node point back to the 
ID. Each version node has a version ?eld 44 to identify Which 
version it is, a ?ag ?eld 46, and ?eld groups 48 (here, ?eld 
groups 1, 2, and 3). As indicated here, ?eld group 1 has Fields 
A, B, and C (?elds for other ?eld groups are not shoWn). 

Each reference ?eld can be used to produce, as needed, an 
inverse set ?eld 50, Which points to a set page 36, as shoWn in 
FIG. 3. An example of references and sets is set out in FIGS. 
4 and 5. This simple database schema has tWo tables: state and 
city. The city table has a reference to the identi?er of the state 
it is in. Each state has a set of cities that reference that state. In 
the server, the reference ?elds (shoWn by the solid lines) are 
stored persistently in the database using the identi?er of the 
target record. The set ?elds (shoWn by the dotted lines) are not 
stored persistently, but are calculated on demand. 

As indicated in the example in FIG. 5, there can be a 
number of record pages. What is shoWn in FIG. 5 is the 
seventh page, Which begins at ID 3584 (Which is 512 times 7), 
and has up to ID 4095. ID 3585, for example, has tWo version 
nodes for the data, identi?ed here as version 1 (node 60) and 
version 4 (node 62). Within each version node, there are a 
number of ?eld groups, such as “key ?elds,” Which includes 
the name, abbreviation of the state, and the state capital; and 
“economic,” Which includes GDP and sales tax rate. These 
identical chain nodes provide the server’s versioning capa 
bility. A node is created Whenever a record is modi?ed on a 
version that does not already have a node. NeW nodes are 
inserted at the head of the chain. 

As indicated here, the state record page includes an inverse 
cities set pointer 64 that points to a set page header 66 of a set 
page 68. For ID 3585 in the cities set page, there is a pointer 
to the identi?er for each city that may refer to the state With ID 
3585. Each number is the ID of a city that may refer to state 
3585. When enumerating the set, the server Will ?nd the 
correct city node for the current plan for each ID in the list. If 
that node is not deleted and refers to the state With ID 3585, 
then the city is returned as a member of the set. Otherwise it 
is skipped. 
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6 
FIG. 6 shoWs another example of data and hoW it can be 

organiZed and maintained. This example includes a Part Table 
70, an Inventory Table 72, and a Set of Inventory 74 as an 
inverse to Part Table 70. As shoWn in Part Table 70, an ID 514 
(i.e., from a second page) has links to tWo versions, referred to 
here as version 1 and version 3. In each case, the version has 
a ?eld group 1, With ?elds for the part name, part type, and a 
lead time expressed in some unit of time, such as months. The 
difference betWeen the tWo versions is that the lead time has 
been changed for version 3 versus version 1. This difference 
could result from actual changes in information or possibly 
due to a What-if scenario entered by a user. This difference 
alloWs one to calculate different business processes based on 
this different input, e. g., hoW much inventory to keep on-hand 
With a different lead time, When to order neW materials, and 
When a product could be delivered. For the particular analytic, 
the lead time may have been the only data needed for a 
calculation, so other ?eld groups Would not have been loaded 
into server memory. 

Inventory Table 72 includes tWo IDs, 1033 and 1034, each 
of Which is shoWn pointing to a single version, and each of 
Which refers to the part identi?ed as part number 514. Part 
Table 70 and Inventory Table 72 are cross referenced in the 
Set of Inventory 74, Which lists the part IDs that are pointed to 
by an applicable inventory ID. The inverse set is maintained 
by the server. Information about set membership is dynami 
cally loaded and cached in the same Way as input ?elds are. 
Set membership is calculated for all records in a page at once. 
For example, if the server needs to use the set of supply orders 
for a particular part, it Will calculate that information for all 
parts on the same page. Set information is retrieved directly 
from the database Without loading the Whole supply order 
table into the server. Additional set pages are claimed if the set 
page becomes full of referencing nodes. 

Referring back to FIG. 1, memory cache manager (MCM) 
24 can manage its server memory 12 by discarding pages that 
it has loaded in the past from database 14 but Which it no 
longer needs. MCM 24 does this by maintaining a partial list 
of “most recently used” pages/?eld groups in memory and 
discarding the oldest of these When it needs additional 
memory for accessing neW record/?eld groups. 

Before discarding memory, MCM 24 checks to prevent any 
candidate pages being freed that are currently in use by any 
active analytic or user code. This is done using a technique 
similar to a conventional mark-and-sWeep garbage collector. 
MCM 24 stops all the other threads that are running in the 
process and scans through memory to identify and mark 
active records. Each record object in analytic memory 
includes a special bit pattern that ?ags it as a record object. 
Therefore, the search includes scanning analytic memory to 
locate record objects and the page that record is on. The result 
of this search is a set of record pages that must not be throWn 
aWay because they may be in use. The collector may falsely 
identify pages as being in use and mark them for non-re 
moval, but that is an acceptable trade-off. It is therefore 
important to choose a bit pattern that is unlikely to otherWise 
occur. In the preferred implementation, the match is assumed 
to be valid and its referenced memory is checked to determine 
Whether it is a valid candidate page. If not, the match is 
ignored. 
As memory is freed up by deleting unmarked blocks, each 

available block is added to a list of free memory (by siZe) so 
that it can be reused next time a block that siZe is required. A 
pool of available memory is maintained by MCM 24. When 
the pool is determined to be excessively large, part of it is 
freed back to the operating system. When more memory is 
needed, it is requested from the operating system. 
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Referring to FIG. 7, the elements of the server and how they 
interact are shown in more detail than in FIG. 1. As shown in 
FIG. 7, blocks in boldface are implemented in this embodi 
ment in managed code; i.e., code that is executed by the 
common language runtime (CLR) environment of the .NET 
framework. Server memory 12 (FIG. 1) is represented as 
input data cache 1211 and calculated data cache 12b. These are 
shown as different blocks, but can be part of the same or 
different physical memory. Memory cache manager 24 is 
shown as an RDBMS bridge 24a and a memory manager 24b. 

Access Layer 20 (FIG. 1) includes a uni?ed schema view 
(200), dynamic access layer (2011) and static access layer 
(20b). Uni?ed schema view 200 presents a common interface 
to both input and calculated portions of the schema, and is the 
interface that other levels of the server are built on top of. 
Dynamic schema layer 2011 represents a managed code 
assembly that is generated at run time to present the database 
schema as a set of .NET classes. Static access layer 20b 
includes a managed assembly that provides a late binding 
interface to the schema. It provides interfaces for schema 
discovery and manipulation as well as data access. Analytics 
26 are written using the classes exposed by dynamic access 
layer 2011. The access layer is described in more detail below. 

The query handler 18a is written against static access layer 
20b since, unlike analytics, the query handler does not know 
anything about the data model it is running against ahead of 
time. This handler generally performs a function similar to 
that in the current product. 

User supplied code 18b, which can include user-created 
analytics or other code, runs on top of the facilities provided 
by the server and can use either static access layer 20b, query 
handler 1811, or dynamic access layer 2011 as is appropriate 
given the function it is ful?lling. 

Version manager 22 is conceptually similar to the version 
manager in the current product; it is responsible for maintain 
ing information about the different scenarios visible to the 
users. It implements the functionality required for the basic 
plan operations, such as create, delete, commit, update, and 
publish. 

Security layer 28 enforces access control rules for the 
schema. The database administrator can restrict a user’s 
access to different portions of the schema either on a whole 
table basis or column by column. It is also possible to enforce 
a ?ltered view of a table (i.e., row based security). 
A user manager 90 maintains information about the users, 

user groups and group membership within the system. A plan 
manager 92, which is independent of the precise data model 
used, handles how a user interacts with versioning. These 
managers are generally similar to those in the currently avail 
able product. 

The external interfaces 18c expose the functionality of the 
server to clients running on remote systems. In the preferred 
implementation, the primary external interface uses SOAP 
based web services. In addition, other interfaces, including 
ADONET, COM, and RPC can be included for either inter 
nal or external access. These interfaces are generally similar 
to those available in the currently available product, and are 
described in more detail in conjunction with FIG. 9. 

Storing Versions 
FIG. 8 illustrates how plans are built up out of version 

numbers, and how a version number list (VNL) changes with 
plan operations. 

The version manager presents a rich versioned data model 
to the access layer. The server exposes versions to users via 
the concept of a plan. Access to data is made within the 
context of a plan. Plans form a partially ordered hierarchy, 
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8 
and changes to one plan do not automatically affect the data 
visible in other plans. Users and/or applications may derive 
new plans from existing ones. There is a root plan that may 
contain an initial data set or may be empty. 

Internally the version manager implements versioning by 
storing multiple versions of individual records in the data 
base. A plan has a set of versions that are visible to it in a set 
called a version number list (VNL). The VNL is conceptually 
unordered. The version manager is responsible for maintain 
ing the VNLs for each plan as the user (or other application) 
manipulates the data. Each plan also has a single prime ver 
sion (PV). The PV is a member of the VNL but represents the 
most recent version of the plan (note that the PV equals the 
highest number in the VNL for a plan). When changes are 
made to a plan the new version node is tagged with the plan’ s 
PV. 
As shown also in FIG. 3, each record has a chain of version 

nodes. These nodes all share the same record identity (ID), 
but represent the state of the record in different versions. The 
nodes specify which version they were created on and have a 
?ag to indicate if the node represents a deleted record in that 
version. A record that has had no changes will have a single 
version node. The version manager automatically resolves 
which record node to retrieve based on the plan being 
accessed and the VNL for that plan. The most recent node 
(that is, the ?rst matching node found by following the chain 
of nodes, since the version pointer always points to the PV 
and new nodes are inserted at the beginning of the list) with a 
version matching any entry in the VNL is the active version of 
that record for the plan. 
When a change is made to a record, a new node is created. 

The new node includes all ?elds in the record. Thus, all 
versions of the records contained on a page are accessible 
from that page. A child plan can be updated if records are 
changed in its parent (or committed to its parent) after it was 
derived. 
An existing plan can be committed back to its parent, 

merging the changes made in the child plan back into the 
parent plan, as shown for example in steps 3 and 4 of FIG. 8, 
where the base plan now includes changes to child plan B. 
Plans thereby also provide a transaction mechanism for mak 
ing multiple changes visible atomically in the parent. 
A child plan can be updated to bring down changes made in 

its parent subsequent to the child’s creation. The parent VNL 
is simply added to the existing child VNL, and new versions 
are assigned to both the parent and child plan and become the 
PV for those plans, as shown in step 5 in FIG. 8. 
The server has rules for resolving con?icts that may arise 

because of changes made in both the parent and the child. 
Before it can be committed back to its parent, a child plan 
should be up to date, i.e., all changes in the parent VNL have 
been brought down into the child planVNL, effectively merg 
ing the changes. 

Con?icts that arise due to versioning include modi?cation 
con?icts, deletion con?icts, and insertion con?icts. They are 
resolved in accordance with a set of rules such as those 
indicated below. 
A modi?cation con?ict occurs when a record has been 

modi?ed in both the parent and child versions. If the modi? 
cations occurred on different ?elds, then the record in the 
updated plan will contain the changes from both the parent 
and child versions. A new node for the record will be created 
in the child plan using the updated PV for the child. If the 
same ?eld has been modi?ed in both the child and parent, then 
the parent’ s change is not brought down into the updated child 
version. Rather the ?eld value in the child version remains. 
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A deletion con?ict occurs When a record has been modi?ed 
in either the parent or child plan and deleted in the other. In the 
exemplary rules here, a deletion Wins out over a modi?cation. 
In other Words, if a record is deleted in either the parent or 
child, it Will be deleted in the updated child. If the deletion 
Was in the parent plan, then a neW delete node is created in the 
child plan, using its update PV. 
An insertion con?ict occurs When both the parent and child 

plan have neWly inserted records With primary keys that con 
?ict. This con?ict is resolved by merging the tWo records (that 
is, merging the tWo sets of linked nodes), and creating a neW 
version of the record in the child plan (using its update PV). 
This is the only time that a record’s identity may change. 

The preferred implementation of the invention tracks all 
sets of references in a single version independent list. When 
running queries against the sets of references, the version 
manager resolves Which elements of the set are valid for the 
plan used by the query. 

The versioning as set out in FIG. 8 and the con?ict resolu 
tion described above are implemented in a similar Way in the 
currently available product by Webplan Inc. The implemen 
tation as used With a database 14 (FIG. 1), hoWever, is not in 
the current product. 

The backend database 14 (FIG. 1) in the embodiment of the 
present invention need not be aWare of any versioning con 
cepts, and thus requires no modi?cations. The version man 
ager can store information used to implement versioning as 
normal ?elds in database 14. An input table in the server data 
model is mapped to a table in database 14, and each input ?eld 
on the table is mapped to a column on the database table. 

Referring to FIG. 2, in addition to data Field 1 through 
Field 5, each table preferably has four extra ?elds stored in 
database 14 to help support versioning: 

a unique integer key used to establish record identity (_id) 
a creation version of a node (_cv) 
an index used to construct the identical chain (_idx) 
?ag used to identify records that mark deletions (_deleted) 
The primary key for a table in the database is (_id, _cv). 

The _idx ?eld is used to construct the version node chains 
correctly When data is retrieved from the database, as shoWn, 
e.g., in FIGS. 3, 5 and 6. There is no ordering implied by the 
numeric values of the _cv ?elds. Rather, ordering of version 
nodes is reconstructed using the _idx ?eld. The process for 
?nding Which particular node is visible to a given plan is to 
start at the head of the record chain and progress doWn it until 
a record is found Whose creation version is present in the 
plan’s VNL. That matching node is then presented to the 
access layer. 

Version Compare 
The rich versioned data model presented by the version 

manager makes it easier to calculate differences betWeen any 
number of versions of the data. Each multi-version query 
identi?es ?elds to treat as key values for the query and selects 
the data versions the query is to be applied to. The query 
language process replicates the query against each selected 
version. The query against each version runs analytics and 
retrieves data as may be required. The query language then 
merges data from each query With matching key ?elds. The 
result is a virtual record containing the key values plus the 
individual ?elds for each result from each version. Each vir 
tual record is then presented to the query interface. 

Version Reclaim 
Server 10 needs to allocate neW versions only as the user 

performs plan operations. As data is modi?ed, neW version 
nodes are created. The server Works With a number of ver 
sions internally to provide high performance. The server 
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10 
implements a process referred to here as “version reclaim” to 
alloW it to reclaim previously used version numbers and iden 
tical chain nodes that are no longer needed. 
The process can include three phases: 
1. Identify version numbers that are no longer in use. This 

occurs When a user derives a neW plan, causing it to be 
allocated a version number, and then deletes that plan. Since 
the plan is no longer visible to the user, any version number 
that Was unique to it is no longer visible. 

2. Identify Which version numbers are noW equivalent. 
FIG. 8 shoWs hoW version numbers are allocated in response 
to plan operations. The version number lists associated With a 
plan can rapidly groW large. Ifa plan has versions 1, 2, 3, 5, 7, 
9 and version 3, 5, and 7 are only visible to that plan and no 
other, then these three versions can be collapsed to a single 
version (it does not matter Which). 

3. Given the results of phases 1 and 2, the server creates a 
mapping for each version number. A version number Will 
either be marked as deleted (from phase 1), mapped to an 
equivalent (phase 2), or left as is. The server then examines 
each node on each identical chain in the database and applies 
the processing described beloW. 

For each node the server updates the version number of the 
node With the neW result from the mapping it constructed. If 
the version represents a deleted version then the node is 
removed from the identical chain. Once the chain has been 
updated a second pass is run to look for nodes that noW have 
the same version number. The server only keeps the ?rst node 
that has a given version number on each chain. Subsequent 
nodes are invisible to the outside World and can be safely 
deleted. If a chain is reduced to a set of nodes that are all 
deleted then the entire chain can be removed from the data 
base. 
Once this process has been completed, all the version num 

bers that Were either marked as deleted or mapped to another 
version are returned to the pool of free version numbers 
maintained by the server. 

Access Layer 
Referring again to FIGS. 1 and 7, a feature of server 10 is 

hoW it presents its data model to applications, Whether they 
are for internal analytics or for external systems. The pre 
ferred implementation of server 10 is built on technologies 
provided by Microsoft’s .NET frameWork to provide an intui 
tive data access layer that includes dynamic access layer 2011, 
static access layer 20b, and uni?ed schema view 200. Other 
technologies (such as Java technology) that can provide simi 
lar capability to dynamically load programs could also be 
used. 
The static access layer 20b is a managed assembly that 

de?nes a set of interfaces for schema level objects, including 
the schema itself, namespaces, tables, ?elds, locales, and 
algorithms. These interfaces alloW code to retrieve informa 
tion about the objects and the data they manage. For example, 
the table interface has methods for querying the ?elds on the 
tables and retrieving the collection of records that make up the 
table, and the ?eld interface has methods for reading and 
Writing data. The static access layer interface is not dependent 
on the data model de?ned in the server in any Way. Other 
layers of code, for example, query language handler 1811, can 
use static access layer 20b to interact With the data Without 
having to have any a priori knoWledge of the data model. 
Dynamic access layer 2011 is a dynamically generated man 

aged assembly that de?nes a set of classes that model the 
de?ned database schema With properties corresponding to the 
?elds in the table. For example, if there is a part table With a 
description ?eld, there Will be a part class that has a descrip 



US 7,698,348 B2 
11 

tion property. The dynamic access layer uses the concepts of 
namespaces (see more discussion below) and de?nes a com 
mon language runtime (CLR) namespace for each namespace 
de?ned in the schema. The classes de?ned in each CLR 
namespace represent the tables visible in the database 
namespace, and have properties corresponding to ?elds that 
are visible in that namespace. Dynamic access layer 20a also 
de?nes result objects for each analytic de?ned in the schema. 
The user supplied code that implements the analytics inherits 
from these classes in order to be able to provide the calculated 
results. 

Dynamic access layer 20a creates instances of the schema 
level objects declared in the static access layer 20b. For each 
table in the database, dynamic access layer 2011 derives a class 
from the table object de?ned in the static access layer. This 
concrete class provides an implementation of the table object 
that Work for the speci?c table. Objects are likeWise created 
for ?elds, algorithms, namespaces, and locales. 
Dynamic access layer 20a presents a set of binding points 

that are places that user supplied code must be hooked into at 
runtime to implement analytics and calculated properties. 
These binding points are de?ned as NET delegate objects and 
the static access layer 20b is responsible for connecting the 
tWo together. 

The data model provided by the server includes an input 
data model of values that are stored in the database, and a 
calculated data model for values that are computed at runtime 
to generate calculated results for analytics. 

Uni?ed schema view 200 is a layer entirely internal to the 
server. It represents the top level of unmanaged code and 
de?nes table and ?eld abstractions that are common to both 
the input data and calculated data schemas. The same mecha 
nisms canbe used to access both input data in input data cache 
1211 and calculated data in calculated data cache 12b. Without 
querying metadata it can be unknoWn Whether a ?eld is an 
input ?eld or a calculated ?eld; other than to change data, 
there may be no need for applications or analytics to knoW the 
difference. 

Namespaces 
Server 10 supports namespaces Within the data model. The 

server is provided With a base data model, but is adaptable by 
(or for) the user so that the data model can be extended by 
adding neW ?elds or even neW tables to meet the needs of an 

application. This is one of the Ways in Which the system 
described here provides a framework With ?exibility for the 
user to add to the system. 

A problem can arise if there is a neW release of the core data 
model. For example, a user could have added a ?eld, Zot, to a 
table, Foo; in the next data model release the base data model 
could be extended to include a ?eld With the name Zot, but 
With a different meaning, and potentially With a different 
type. This situation could cause a problem When a user tries to 
upgrade, because the user Would have to rename the existing 
?eld, causing existing applications to break. 

Namespacing addresses this issue by providing a Way to 
distinguish betWeen different portions of the schema that are 
conceptually independent. A namespace is de?ned for each 
organiZation that may make independent changes to the 
schema. Typically there Would be three namespaces: one for 
a core server, one for an application partner providing cus 
tomiZation, and one for an end user. Different numbers of 
namespaces could be used Without altering the design con 
cept. These namespaces are organiZed into a hierarchy (the 
number of namespaces and their speci?c names chosen are 
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12 
for example only). In this example, server is the loWest 
namespace, partner is intermediate, and customer (end user) 
is the highest. 
Each table and ?eld in the schema belongs to a single 

namespace. This relationship is shoWn using a namespace 
quali?ed name that takes the form namespaceztable or 
namespacez?eld (the table may be de?ned by context). For 
example, ServerzPart refers to the part table de?ned in the 
server namespace; see also ServerzPSCumLeadTime in the 
code example beloW. 

Tables and ?elds are visible in the namespace they are 
de?ned in, and in higher namespaces in the hierarchy. But a 
table or ?eld may be renamed at a higher level to resolve 
con?icts. For example, in the case given above, during the 
upgrade process the customer Would rename the neW Server: 
Foo ?eld to CustomerzFoo2 in the customer namespace. The 
original Customer: Foo ?eld Would be unaffected. 

Queries and user code are run Within the context of a 
particular namespace. Queries and applications run at one 
level can only see the portion of the schema de?ned in that 
namespace or as de?ned in loWer level namespaces. 

In this example, server analytics that rely on ServerzFoo 
Would run using the server namespace and see the neW ?eld. 
Customer softWare Would continue to access its existing ?eld 
as Customer: Foo and Would access the neW ?eld as Custom 
er:Foo2. 

Analytics 
A calculated data model can include simple properties 

and/or analytics. The simple properties are user supplied code 
that is executed on demand to compute a value; for example, 
computing the distance betWeen tWo points. User supplied 
analytic are run to generate the values for a number of calcu 
lated ?elds and tables at once. Server 10 caches the results of 
commonly used analytics in memory 12; for example, gen 
erating all the planned orders for a particular part. 
The clients of the data access layer can be applications and 

application programmers Who are typically Writing business 
logic on top of the data model. They typically interact closely 
With the data model. 

In a traditional database environment all data interactions 
are done by queries, typically on results that have been cal 
culated. That is, ?rst the calculation is made and results are 
stored back into the database, then the results are queried. 
Business logic is typically either Written directly in a query 
language (e.g., SQL) or externally using any programming 
language through a data access layer that lets the programmer 
Write queries and manipulate the results. The access layer is 
Written and compiled When the schema is de?ned. If there are 
changes, code is reWritten later and the access layer is re 
compiled. 

In a preferred implementation of the present invention, 
business logic Written for the server is implemented as man 
aged code and supplied as a .NET assembly, Which alloWs 
managed code to be added Without recompiling at each stage. 
Server 10 hosts the business logic Within its process address 
space by hosting the Common Language Runtime (CLR) that 
provides the execution environment for managed code. For 
example, if there is a Part Table With a description ?eld, there 
Will be a part class that has a description property. Fields in a 
table are exposed this Way through the access layer, Whether 
they are input ?elds or calculated ?elds. User de?ned calcu 
lated properties can be de?ned as taking arguments. For 
example, on a bill-of-material table, the user can de?ne a 
boolean valued IsEffectiveOn ?eld that takes a date as an 
argument. Code that is running Within server 10 accesses this 
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object model to obtain data in the desired ?eld. This applies to 
analytics, user de?ned properties, stored procedures, and trig 
gers. 

The namespaces de?ned in the schema are re?ected in the 
data access layer as .NET namespaces. This alloWs a single 
data access assembly to present multiple vieWs of the data 
model. For example, server-supplied analytics use the server 
namespace in the data access assembly, Whereas user Written 
stored procedures use the customer namespace. 

Results of analytic business logic are themselves managed 
by memory cache manager 24 (FIG. 1). If input data is not 
changed in a plan, then the cached results are valid and are 
retained until discarded by memory cache manager 24. When 
input data, Whether used directly or indirectly by cached 
results, is changed in a plan, then the cached calculated results 
are invalidated and their corresponding memory is freed. The 
input data itself can be modi?ed and Written back to the 
database as the cache is preferably a Write-through memory. 

The implementation of the access layer can be fully 
dynamic. The access layer is regenerated every time the 
server starts and Whenever the schema is changed. As part of 
the initialization process, the server generates a list of binding 
requests that are used to match user supplied code, including 
analytics, With the correct parts of the schema that Will be 
used by the user supplied code. The binding requests are 
identi?ed by the analytic name (Which is namespace quali 
?ed) or the property name consisting of a fully quali?ed table 
name and a fully quali?ed ?eld name. There is a binding 
request for every user de?ned property and analytic. 

The user supplies managed assemblies that implement user 
de?ned properties and analytics. These assemblies are regis 
tered in database 14. The user’s code uses .NET attributes to 
annotate the methods that implement properties and analytics 
that are part of the schema. At runtime the server retrieves 
these assemblies from the database and scans them for 
attributes that match the list of binding requests it is trying to 
ful?ll. When a match is found, the server generates a delegate 
to bind the user’s code to the corresponding methods in the 
data access layer. 

Static access assembly 20b is responsible for scanning the 
registered user assemblies and looking for types or methods 
that have been annotated by the user With attributes to indicate 
that they should be used to ful?ll the binding requests. Ana 
lytics are tagged With an “EngineAnalytic” attribute. This 
attribute takes a parameter specifying the name of the ana 
lytic. Property ?elds are tagged by static methods and tagged 
With a “UserProperty” attribute. 
When the static access assembly ?nds a method that ful?ls 

a binding request it creates a delegate object that can be used 
to call that method and passes this back to the dynamic access 
assembly. The dynamic access assembly Will invoke this del 
egate at runtime When the value of the ?eld is needed. 

The folloWing code snippet, Written in C# With some parts 
elided for brevity, shoWs hoW an analytic (part source cumu 
lative lead time, PSCumLeadTime) is implemented using the 
access layer, and also hoW the method is tagged With a custom 
attribute to alloW it to be bound to the analytic de?ned in the 
schema. The binding is triggered by the ?rst line in the 
example. 

[Server.Engine.Analytic(“Server:PSCumLeadTime”)] 
public class CalcPSCurnLeadTime : PSCumLeadTirneResults 

{ 
public override void Calculate( ) 
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-continued 

BillOfMaterial born = this.OWner; 
// there may be a recursive analytic exception thrown 
try 
{ 

Part component = bom.Component; 
double curnilt = O; 
// does this bill even get used? 
if( bom.QuantityPer != 0 && 
born.EffectiveInDate.IsUnde?ned == false 

component.Type.ProcessingRule != 
PartTypeProcessingRule.Ignore ) 

BOMType bomitype = bom.Type; 
// okay, the bill is going to be used get the basic values 
double offset = (bomitypeUseLeadTirneOffset == true) 7 

bom.LeadTimeOffset : O; 
curnflt = componentCurnLeadTime — offset; 

// Will the demand skip through the component (phantom)? 
if( bomitypeBloWThrough == true H ) 

if (component.Type.UseLeadTirneAdjust == true) 

curnilt —= componentLeadTimeAdjust; 

PartSource pps = componentPrirnaryPartSource; 

if( pps != null) 

if( pps.OrderPolicy.UseFixedLeadTirne == true) 
{ 

curnilt —= pps.FixedLeadTime; 

} 
if( pps.OrderPolicy.UseVarLeadTirne == true) 

double avgiqty = componentAverageQty; 

if( avgiqty <= 0.0F) 
{ 
avgiqty = ppsMinimurnQty; 

curnilt —= ( pps.VarLeadTime * avgiqty ); 

} 
} 

} 

this.CumLeadTime = (?oat) curnilt; 

catch (Webplan.Engine.RecursiveAnalyticException) 

// hit a recursive situation. Set the scalar values. 
this.CumLeadTime = O; 

} 
} 

When server 10 runs an analytic that produces result ?elds 
or roWs for a calculated table, the server caches the calculated 
result in the calculated results cache of server memory 12 
Without Writing back to database 14. If the input data is 
modi?ed, it can be changed in the input data cache and is then 
also changed in database 14. HoWever, the results can be 
re-calculated in the server and returned more quickly than 
they Would be if the analytic had to be re-run With a neW set of 
input data retrieved from database 14. The calculated results 
stored in server memory 12 can also be quickly vieWed and 
compared. 

Calculated results can be discarded from memory 12 if the 
server needs to free up some memory for neWer calculated 
results, or if the user changes input data that invalidates the 
calculated results. When the server needs to free up memory 
to make room for more calculated results, it bases the decision 
about Which results to throW aWay based on hoW long it has 
been since the results Were last used. Results that Were used 
recently are likely to be reused shortly, and should be kept in 
preference to results that have not been used for a longer 
period of time. 
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The server supports a number of models for invalidating 
calculated results due to input data changes. One of these 
models can be selected on a per-analytic basis. 

1. Global invalidation. Any change to any data in a particu 
lar plan causes all calculated results to be throWn aWay for that 
plan. The advantage of this approach is that it is alWays 
correct and it is easy to implement at runtime. The disadvan 
tage is that it may throW aWay far more results than are 
actually being invalidated by the data change. This approach 
has been used previously in a currently available product. 

2. Table based invalidation. This option change is a re?ne 
ment of global invalidation. Analytics can specify Which 
tables they rely on, and only changes to input data in those 
tables cause data to be throWn aWay for the analytic. 

3. Selective Invalidation. This option is more complex. The 
analytic is responsible for describing all the data paths that it 
relies on; the server Will only invalidate through those paths. 
An advantage of this approach is that much less data is invali 
dated for a given change, but the runtime cost of doing the 
invalidation is much higher. For example, to implement selec 
tive invalidation, an analytic that calculates the cumulative 
lead time for a part Will declare that it uses the Part.LeadTime 
?eld and information about its component’ s lead time. There 
fore, any change to the LeadTime for a part, or any change to 
a lead time for any component (or components of compo 
nents, etc.) Will invalidate the cumulative lead time for the 
part. 
Semantic Types 
The server provides a rich environment for developing data 

centric applications. One aspect of this is providing a richer 
set of data types Within the data model. These types extended 
the traditional de?nition of a data type. Certain speci?c types 
de?ned in the preferred implementation are detailed beloW. 
The model can be extended to include other types that may be 
commonly required for additional applications. 
Calendars 

The server provides built-in support for de?ning calendars. 
A calendar is de?ned as a set of periods (typically days, but 
may include time so that more than one period can be de?ned 
per day or so that periods can start at a speci?c time Within a 
day). For example a manufacturing plant may have a Workday 
calendar that contains only those days on Which the plant is 
open (excluding Weekends, holidays, shutdoWns, etc.). 
A date can be coerced to the nearest day in a calendar, and 

can also be used in date arithmetic operations. For example: if 
the date a job Will start is knoWn, and that it Will take three 
periods, then the calendar support can calculate the actual 
date (and time) the job Will be ?nished. The set of dates (and 
times) that makes up a calendar is part of the versioned data 
model. 

Unit of Measure 
Many ?elds in a database refer to some physical entity, 

such as the minimum amount of a product that can be pur 
chased. Understanding the meaning of the ?eld requires 
understanding the units the ?eld is de?ned in. 

In a traditional database, one Would de?ne the units for a 
?eld as a second column (and the database itself Would not be 
aWare of the relationship betWeen the tWo columns) or just 
leave it out of the database altogether and make it part of the 
implied knowledge required by applications and users to use 
the database. 

The server described here provides support for unit of 
measure as a special numeric data type. For example, cabling 
may be sold for a given price per foot, Whereas sand is sold by 
the cubic yard. In the server data model this information can 
be captured in a single ?eld. 
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A UnitOfMeasure table de?nes the units the server can 

Work With. This table Would typically include standard sci 
enti?c measures (meters, kilograms, etc.) but can also contain 
custom units. For example, if a product Were sold by the 
doZen, its UnitOfMeasure Would be DoZen. 
A UnitOfMeasure conversion table de?nes the factors nec 

essary to convert betWeen units. For example, to convert from 
meters to feet, multiply by 0.3048. This alloWs data entry and 
reporting to be performed using any compatible units. A unit 
of measure can have dimensions assigned to it, such as length, 
mass, or time. A given ?eld can then have integrity constraints 
based on these dimensions. For example, a certain value must 
be a length, but the server Will alloW input in either feet or 
meters. 

Currency 
Many database systems provide a monetary data type. 

HoWever, a single number is not su?icient to de?ne a mon 
etary value4one needs to knoW the currency it is in. In an 
application dealing With global data, there may be multiple 
different currencies involved. In a traditional database an 
additional column Would be added to specify the currency, 
and the database itself Would not be aWare of the relationship 
betWeen the tWo columns. 

In this embodiment, the server provides a monetary data 
type that implicitly has a currency associated With it. Cur 
rency is similar to the unit of measure concept, but With the 
important distinction that the conversion factors can vary over 
time. A Currency table is used to de?ne the set of currencies 
the server supports. This table holds the information about the 
currency: its name, symbol, etc. An ExchangeRate table is 
used to de?ne currency exchange rates. Each roW in the table 
de?nes a source currency, a target currency, the rate and the 
time the exchange rate is effective from. Conversion rates 
becoming effective at a later date supersede the previous rate. 

The server provides built in support for converting from 
one currency to another using the ExchangeRate table. For 
example, if there is a price ?eld that holds prices in the local 
currency but one Wants to report all prices in US dollars then 
one can specify this as a formatting option for the query 
(producing a calculated column in the report). 

Query Manager & Connection Services 
Referring to FIG. 9, the elements of the connection ser 

vices are shoWn. The general concepts of these connection 
services are present in a previously provided Webplan Inc. 
product, but there are differences in the system described here 
because of the interaction With a different access layer. Inter 
faces can be provided to/from other systems through Wide 
area netWorks, such as the Internet. For example, the analytics 
can be designed to generate results indicating When certain 
parts should be ordered to obtain delivery Within a desired 
period of time in order to be able to produce a quantity of 
systems assembled from those parts. The output can thus be 
provided to a user, such as on a display, but can be provided 
additionally or alternatively to other systems or processes, 
such as to suppliers as purchase orders. 

In addition, incoming data can be used to change input data 
potentially to re-calculate a scenario. For example, a supplier 
might provide notice that the lead time on a part has become 
shorter or longer; in this case, the neW information from the 
supplier can be provided directly into the system and used to 
re-calculate certain assumptions that may have been made in 
a previous scenario. 

Access layer 20 responds to queries (the term “query” 
includes read, create, modify, and delete) from query man 
ager 18 against the versioned database. The structure of que 
ries in general is Well understood in the ?eld. Query manager 
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18 can accept queries from a rules engine 80 and can accept 
direct queries from other interfaces, such as interfaces to 
systems run by other parties. 

Query manager 18 includes special handling to generate 
duplicate queries, one against each selected version, to make 
it easier to compare data among different versions. The results 
from duplicated queries are then merged to return single 
records containing the individual results from each version. 
The queried versioned data can include input data, results of 
calculations, and expressions containing input and calculated 
data. Thus, if there are multiple version nodes, a report can be 
generated With multiple versions at the same time. 

In the preferred implementation, the Query Manager is 
itself a managed assembly, like analytics, so the server can 
use more than one query engine at time, thereby supporting 
more than one query syntax. 

Connection Services can accept a stream of transactions 
(requests). Using a set of rules, data from the transaction (or 
from a set of related transactions), and data from one or more 
additional optional databases 82, connection services can 
transform transactions into one or more query actions to the 
server. Simple or complex transactions can be implemented, 
depending upon the complexity of the rules. Connection Ser 
vices also provides data from the server as results to other 
systems, including reformatting the data as may be required. 

While certain embodiments have been described, others 
are encompassed by the claims. For example, the engine can 
be linked to different databases and can be linked to more than 
one such database simultaneously. While in-memory caching 
of database contents signi?cantly improves performance, 
value can be gained by using the concepts of versioned data 
and “results as data” Without data caching. To provide 
increased throughput and/or capacity at an economical cost, 
the elements of the invention, and even elements of the server 
itself, can be run on physically separate computers. Further, 
server functionality can be partitioned into natural clusters 
such as by version or physical location represented by the 
data. 
One implementation of embodiments of the present inven 

tion is for decision support for manufacturing, distribution 
and supply chain applications, but the engine could be used 
for a Wide variety of other business and other applications 
including ?nancial, such as collaborative budgeting, opera 
tions management, and projected pro-form a ?nancial state 
ments from current and forecast data. The engine can also be 
used as a direct execution tool, especially When directly 
coupled to other execution systems. In this implementation, 
the engine Would be used to automate decisions and directly 
communicate those decisions to other systems as Well as for 
interactive (With people) decision support. The engine is also 
applicable to other database applications Where versioning 
and calculation performance are useful. 

While memory 12 is shoWn in the server box in FIG. 1, the 
server memory can be any memory controlled by the server 
and separate from the database tables. 
Some of the functions described above can be implemented 

in a database system that has a cache memory. In this case, the 
version manager functionality is implemented Within the 
database system. The cache is separate from the main data 
base table and is used for maintaining version nodes With data 
in ?eld groups as shoWn in FIGS. 2-6. An external server 
could then access data from this cache memory in addition to 
or instead of from cache memory in the server. 
What is claimed is: 
1. A method implemented in a system that includes a data 

base for storing input data and a server, the method compris 
ing: 
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18 
the server managing multiple versions of the input data, 

Wherein each version of the input data is stored as a 
record in the database With each record having an iden 
ti?er and a version ?eld; 

the server receiving a query for data; 
in response to the query, identifying Whether the requested 

data is available in a cache; 
if the requested data is not available in the cache, identify 

ing an analytic to calculate data from input data; 
retrieving from a database input data associated With the 

analytic and storing the input data in the cache, if not 
already present in the cache, Wherein the input data are 
stored in the cache in one or more pages of records With 
a list of identi?ers and a set of versions for each identi 
?er, Wherein at least one record has multiple versions; 

using the analytic to perform calculations With the analytic 
on the records of input data determined to have the 
correct version related to the query to produce calculated 
data, Wherein multiple versions of a record are based on 
multiple plans, and Wherein the query is associated With 
a plan and the correct version of a record is determined 
based on the plan With Which the query is associated; 

storing the calculated data into the cache; and 
doWnloading a schema Which is used to generate a data 

access layer, the data access layer exposing tables in the 
database as classes With properties corresponding to 
?elds in the tables, and in response to changes made to 
the schema, automatically regenerating the access layer. 

2. The method of claim 1, Wherein the cache includes an 
input data cache and a calculated data cache. 

3. The method of claim 1, further comprising, after calcu 
lations are performed on the input data to produce calculated 
data, modifying the input data in the cache and re-calculating 
the analytic to produce neW calculated data Without retrieving 
the input data from the database. 

4. The method of claim 3, Wherein the re-calculating is 
performed automatically Without a user request. 

5. The method of claim 3, Wherein the modifying includes 
receiving modi?cations from another system over a Wide area 
netWork and through an interface. 

6. The method of claim 1, Wherein the server creates an 
inverse set for at least one ?eld, the inverse set including the 
?eld and a list of identi?ers of records that have the same 
value for that ?eld. 

7. The method of claim 1, Wherein the records are stored in 
the database With ?elds, Wherein groups of ?elds are orga 
niZed into a plurality of separate ?eld groups. 

8. The method of claim 7, Wherein the data is arranged in 
version nodes With ?eld groups. 

9. The method of claim 1, Wherein the analytic includes a 
supply chain management analytic. 

10. The method of claim 9, Wherein the analytic relates to 
material requirements planning or capable-to-promise calcu 
lations. 

11. The method of claim 1, further comprising accepting 
data changes and providing calculated results over a Wide 
area netWork to another system. 

12. The method of claim 1, Wherein a plurality of different 
versions of data, Whether input or calculated, can be com 
pared to shoW the differences betWeen versions. 

13. The method of claim 1, further comprising de?ning 
namespaces, including at least a server namespace and a 
separate user namespace for a user of the system. 

14. The method of claim 13, further comprising, in 
response to receiving a name of a ?eld or table for use in the 
server namespace, renaming that name to the user 

namespace. 




